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WORMS scores than subjects that did not develop pain (Figure 1). These
associations were signiﬁcant for the medial femur (adjusted OR ¼ 1.42,
p¼ 0.041, CI¼ 1.01-2.00) and the patella (adjusted OR¼ 1.94, p¼ 0.002,
CI ¼ 1.27-2.96). Similar trends were observed in the lateral tibia
(adjusted OR ¼ 1.39, p ¼ 0.054, CI ¼ 0.99-1.97), lateral femur (adjusted
OR ¼ 1.39 p ¼ 0.099 CI ¼ 0.99 - 1.97) and medial tibia (adjusted OR ¼
1.82, p¼ 0.057, CI¼ 0.98 - 3.37). No signiﬁcant associationwas observed
between either baseline bone marrow edema pattern or meniscus
lesion score and the development of pain.
Conclusions: This study demonstrated that elevated mean T2 and
increased severity of cartilage lesions at baseline was predictive of the
development of knee pain over 7 years. This study highlights the
potentially important role of cartilage matrix composition and
morphology in the development of symptomatic OA in subjects with
risk factors for the disease.
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EVALUATION OF T1r RELAXATION TIMES IN MENISCAL TEARS
DURING STATIC LOADING
J. Singh, J. Schooler, D. Kumar, K. Subburaj, L. Nardo, K.B. Stiers, X.
Li, R.B. Souza, T.M. Link, S. Majumdar. Musculoskeletal Quantitative
Imaging Research, Department of Radiology and Biomedical Imaging;
Univ. of California, San Fancisco, San Francisco, CA, USA
Purpose: Among its many functions, the meniscus serves to evenly
distribute the load of the body and provide a smooth surface for knee
joint articulation. The properties of the menisci are based on its
biochemical composition which includes water, collagen and proteo-
glycan (PG). Previous studies have foundmeniscal tears to be associated
with symptomatic osteoarthritis (OA) and articular cartilage loss. Thus
the health of the meniscus may play an important role in the progres-
sion in OA of the knee joint. Magnetic resonance imaging techniques
such as T1r relaxation time mapping allows for non-invasive quantiﬁ-
cation of the biochemical composition of joint tissues and has been used
to detect degenerative changes. Meniscal tears are characterized by
damage to collagen ﬁbrils and the PG matrix and are most commonly
seen in the posterior horn of the medial meniscus in osteoarthritic
knees. Recent studies have reported elevated T1r values inmenisci with
tears compared to healthy controls and we hypothesize loading may
provide additional information on meniscal health. The purpose of this
investigation was to evaluate the biochemical relationship between
healthy and diseased menisci as measured by T1r relaxation under
static loading conditions.
Methods:MR data for 38 subjects (age: 53.610.1 years, BMI: 25.7 8.2
kg/m2, 50% female) were acquired on a 3T MR scanner with an 8-
channel phased array knee coil using a custom-built loading apparatus.Figure 1. Images A,B,C show PHMED of meniscus with meniscal WORMS grade 0 on
a 3D FSE CUBE (A) and the representative color overlay of T1 p relaxation time
superimposed upon the T1 p weighted ﬁrst echo (TSL¼0) under unloaded (B) and
loaded (C) conditions. Images D,E,F show PHMED of meniscus with meniscal WORMS
grade 2 (horizontal tear) on a 3D FSE CUBE (D) and the representative color overlay of
T1 p relaxation time superimposed upon the T1 p weighted ﬁrst echo (TSL¼0) under
unloaded (E) and loaded (F) conditions. Qualitative observation displays a marked
increased in T1p relaxation time for PHMED with a tear compared to no tear.MR Images (sagittal T1r and high resolution 3D FSE CUBE)were acquired
for subjects with and without an axial load equivalent to 50% body
weight. Loaded scans were prospectively registered to unloaded scans
using a rigid registration algorithm. Four meniscus compartments
(lateral anterior horn (AHLAT), lateral posterior horn (PHLAT), medial
anterior horn (AHMED), and medial posterior horn (PHMED)) were
segmented on 3D FSE CUBE images and then superimposed upon
registered T1r maps to extract relaxation time mean values. Morpho-
logical grading using modiﬁed Whole-Organ Magnetic Resonance
Imaging Score (WORMS) was performed to determine the occurrence of
meniscal tears. Subjects were then stratiﬁed into no meniscal tear
(meniscal grades of 0-1) and meniscal tear (meniscal grade 2-4) groups.
Statistical differences between groups in both unloaded and loaded
conditions were performed using a linear regression model adjusting for
age, BMI and gender in JMP software version 8 (SAS Institute, Cary NC).
Results: The incidence of tears in a location other than PHMED (34.2%)
was very low and therefore our analysis was focused on the PHMED.
Under static loading T1r relaxation times were signiﬁcantly higher
(ΔT1r +4.1ms, P<.05) in PHMEDwith a tear (18.6ms) compared to those
without a tear (14.5ms) in PHMED. This same trend was seen between
PHMED tear (18.4ms) and no tear (15.3ms) groups in the unloaded
condition (ΔT1r +3.1ms, P<.05). There was no signiﬁcant difference
between loaded and unloaded meniscal T1r in tear or no tear groups.
Figure 2. Average T1 p values for meniscus medial posterior horn between no tear and
tear groups in both unloaded and loaded conditions. Statistical signiﬁcance of P<.05 is
indicated by an asterisk.
Conclusions: Meniscal tears had signiﬁcant effects on T1r values in
both unloaded and loaded conditions. Static loading did not have
signiﬁcant effects on T1r values in either meniscal tear or no tear groups
compared to unloaded conditions. Unlike hyaline articular cartilage
which has been shown to have changes in T1r under loaded conditions,
the meniscus is mainly composed of Type 1 collagen which does not
easily deform under static loading and may explain why no signiﬁcant
T1r differences were observed under varied loading conditions. Future
analysis will incorporate T2 relaxation measures and stratiﬁcation of
subjects based on severities of osteoarthritis to probe how overall joint
health may affect meniscus response to acute loading.
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VALIDATION OF MAGNETIC RESONANCE IMAGING-BASED BONE
MORPHOMETRY ASSESSMENTS IN CADAVERIC KNEES
J.B. Driban y, M.F. Barbe z, M. Amin z, A.M. Tassinari x, G.H. Lo {,k, L.L.
Price y, C.B. Eaton #, E. Schneider yy, T.E. McAlindon y. y Tufts Med. Ctr.,
Boston, MA, USA; z Temple Univ., Philadelphia, PA, USA; xBoston Univ.,
Boston, MA, USA; kMichael E. DeBakey VAMC, Houston, TX, USA;
{Baylor Coll. of Med., Houston, TX, USA; #Brown Univ, Pawtucket, RI,
USA; yyCleveland Clinic Fndn., Cleveland, OH, USA
Purpose: Peri-articular bone changes may provide important insights
into the role of bone in osteoarthritis (OA) progression. High-resolution
magnetic resonance (MR) imaging can yield estimates of trabecular
changes and has good construct validity. However, the validity of MR-
based trabecular morphometry compared to a gold standard (e.g.,
micro-computed tomography [microCT]) remains unknown. In this
cadaveric study we explored the association between MR-based and
microCT-based trabecular morphometry in the proximal peri-articular
medial tibia.
Table
Descriptive Characteristics of Subchondral Tibia Cadaveric Specimens
Variable Cadaver 1 Cadaver 2 Cadaver 3 Cadaver 4 Cadaver 5
Race Caucasian Caucasian Caucasian Caucasian Caucasian
Sex Male Male Female Male Female
Age (years) 72 53 57 76 78
Height (m) 1.75 1.70 1.64 1.73 1.68
Weight (kg) 59 70 57 96 48
Right knee
MT India Ink
Staining (%)
1.54 9.57 2.37 8.10 3.46
MT microCT
BV/TV (%)
44.98 28.39 15.28 32.16 12.13
MT MRI BV/TV (%) 8.52 2.00 2.18 3.11 0.43
Left knee
MT India Ink
Staining (%)
7.60 3.51 2.28 8.26 11.01
MT microCT
BV/TV (%)
33.74 31.79 15.55 38.11 14.26
MT MRI BV/TV (%) 12.66 2.24 2.34 1.68 1.77
Notes: MT ¼ medial tibia, BV/TV ¼ bone volume fraction, microCT ¼ micro-
computed tomography, MRI ¼ magnetic resonance imaging. Greater India ink
staining is associated with greater cartilage damage.
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procured by the National Disease Research Interchange. Donors were
selected if their agewas 51 to 80 years and both knees had no pathology,
with the exception of OA. Each specimen included tissue 8cm proximal
and distal to the articular surface of the tibiofemoral joint. The knees
were collected within 10 hours of death, packed in wet ice or ice packs,
and sealed for shipping. Within 36 hours of death, the knees were
imaged with a coronal-oblique 3-dimensional fast imaging with steady
state precession (3D FISP) sequence using a Siemens Trio 3-Tesla MR
system. Each knee was then repackaged with ice packs and sent to
another facility for microCT analysis. The knees were placed in a 10%
formalin solution within 58 hours of death. After preservation in
formalin, a subchondral region from the tibial plateau was collected
using a bone saw and imaged with a Skyscan 1172 (11 MPix camera)
microCT scanner at 9mm resolution. A single reader analyzed the
coronal 3D FISP images with a previously validated analysis tool. To
analyze the MR-based trabecular morphometry, a rectangular region of
interest (ROI) was positioned on the 20 consecutive central MR images
in the proximal medial tibial subchondral bone. The ROI had a constant
height of 3.75mm and width of 15.00mm. A different reader used
Skyscan CT Analyzer software to measure structural indices from the
microCT images in a similar volume of interest (17 x 13.73 x 3.94mm).
The primary outcome measure was trabecular bone volume per total
volume (BV/TV) in the proximal medial tibia. Spearman correlations
were used to evaluate the association between MR-based and microCT-
based BV/TV. Each knee was considered an independent measurement.
Results: The table provides demographic and quantitative data from
each cadaver. In the proximal peri-articular medial tibia, MR-based
apparent BV/TV was systematically lower than BV/TV values from
microCT images. The MR-based apparent BV/TV had a moderate-good
correlation with microCT-based BV/TV (r ¼ 0.58, conﬁdence interval ¼
-0.08 to 0.89). When microCT data was restricted to trabeculae with
larger trabecular thickness the correlation with MR-based apparent BV/
TV was decreased (r ¼ 0.28).
Conclusions: MR-based apparent BV/TV in the proximal peri-articular
medial tibia has good validity and may represent an alternative for
microCT-based BV/TV. The MR-based apparent BV/TV is systematically
lower than microCT-based BV/TV potentially because we used conser-
vative signal-intensity thresholds to deﬁne trabeculae, MR does not
measure bone directly, post-mortem changes in the marrow signal may
inﬂuence MR signal characteristics, and MR spatial resolution (1000 x
230 x 230mm) is lower than microCT (9 x 9 x 9mm) therefore partial
volume averaging may reduce how discernible trabeculae appear.
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RESPONSIVENESS OF COMPARTMENT-SPECIFIC QUANTITATIVE
CARTILAGE MRI MEASURES IN KNEE OA PATIENTS
G. Mohan, J. Schooler, D. Kumar, T.M. Link, S. Majumdar.Musculoskeletal
Quantitative Imaging Res. Group, Dept. of Radiology and BioMed. Imaging,
Univ. of California San Francisco, San Francisco, CA, USAPurpose: Magnetic resonance imaging (MRI) has become a major and
powerful tool to assess joint structural changes in osteoarthritis (OA).
Accurate and non-invasive MR imaging techniques to detect changes in
cartilage structure and composition are critical to track the progression
of OA and to monitor treatment effects. Hence, it is essential to evaluate
the responsiveness of these imaging techniques. The main aim of this
study is to evaluate the responsiveness of compartment speciﬁc
morphological and compositional cartilage MRI measures in knee OA
patients.
Methods: MR data for 36 subjects (20 women; 16 men; age 5310
years; BMI 26.74.5) were acquired at baseline and 1 year on a 3T Signa
HDx MR (GE Healthcare, Piscataway, NJ) scanner with an 8-channel
phased array knee coil. Sagittal cartilage T1r and T2 maps were
generated using 3D MAPSS mapping technique (TR/TE¼9.3/3.7 ms;
FOV¼14cm, matrix¼256  128, slice thickness¼4 mm, BW¼31.25 kHz,
views per segment¼64, recovery time ¼1.5 s, for T1r: Time of Spin-
Lock¼0,10, 40, 80ms, spin-lock frequency¼500 Hz; for T2: prep TE¼4.1,
14.5, 25, 45.9 ms). A fat-saturated T1-weighted 3D SPGR sequence (TR/
TE¼15/6.7 ms, ﬂip angle¼12, FOV¼14cm, matrix¼512  512, slice
thickness¼1mm, bandwidth¼31.25 kHz, NEX¼1) was used for cartilage
segmentation and calculation of cartilage thickness and volume. Six
cartilage knee compartments (lateral femoral condyle (LFC), medial
femoral condyle (MFC), lateral tibia (LT), medial tibia (MT), and patella
(PAT)) were segmented in a MATLAB (MathWorks, Natick MA) based in-
house software package. Compartments were partitioned into a bone
and articular layer, using a Euclidean distance algorithm with the same
in-house software. Standardized response mean (SRM) was calculated
for each MRI measure between baseline and 1 year as the mean of
change divided by the standard deviation of change.
Results: The patients were grouped according to the severity of OA (KL
grade 1-3). All compartment relaxation times were responsive for
changes in the cartilage. The best cartilage thickness SRM was for
patella (-0.75) from KL grade 2. The best T1r SRM values for full
thickness cartilage, bone layer and articular layer were observed for LFC
(0.53, KL grade 2; -0.54 for KL grade 3 and 0.54 for KL grade 2 respec-
tively). Patella from KL grade 1 showed responsive SRM value for T1r
bone layer (0.58). The best T2 SRMwas for MT (0.99 from KL grade1) for
T2 bone layer SRM it was LT (-0.66 from KL grade 3) and for T2 articular
layer SRM it was LFC (-0.49 from KL grade 1).
Conclusion: These results suggest that the cartilage MRI measures are
responsive to cartilage changes in knee OA patients. We have also
showed that the relaxation rates of individual compartments are
sensitive to cartilage changes. Moreover, changes in SRM values vary
depending on cartilage compartment, and behave differently based on
disease severity. These results suggest that these metrics could be used
as responsive outcome measures in prospective clinical trials.
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CARTILAGE T1r AND T2 ARE ASSOCIATED WITH PATIENT-REPORTED
OUTCOMES AFTER ACUTE ACL INJURIES
X. Li, S. Wu, M. Hoppe, J. Rivoire, R. Souza, C. Ma. Univ. of California, San
Francisco, San Francisco, CA, USA
Purpose: Anterior cruciate ligament (ACL) injury has been suggested as
a high risk factor for post-traumatic osteoarthritis (OA) development.
Previous studies reported signiﬁcantly elevated MRI T1r and T2 in
cartilage after acute ACL injuries. The goal of this study was to evaluate
the relationship between cartilage MRI T1r and T2 quantiﬁcations and
patient-reported outcomes after acute ACL injuries.
